The relationship between the second and the fourth digit in the human hand, the 2D:4D index, is considered a putative marker of exposure to prenatal testosterone. Much research has been done in the attempt to associate the 2D:4D index and physical characteristics as well as cognitive skills and behavioral patterns. It has been suggested that these characteristics and behavioral patterns may be linked to high levels of testosterone. The basis for considering the 2D:4D index a marker of prenatal exposure to testosterone, and the influence of prenatal and circulating testosterone on behavior are reviewed. Furthermore, it is discussed whether forensic medicine may benefit from identification of a marker of behavioral predispositions. It seems that it is not possible to derive any valid information on predispositions from finger length ratio, however the field of 2D:4D research might benefit from forensic studies.
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2d:4d as a proxy for testosterone associated behavior
In lieu of the difficulties in obtaining precise measurements of testosterone levels 2D:4D is thus seen as a proxy. Among children, 2D:4D < 1.00 has been associated with hyperactivity and lack of social skills [13, 34] . This may be considered a predisposition, in the sense that the child is more sensitive to factors with negative influence on the development of social skills in adult life. As such, the prenatal androgen-level may constitute a predisposition of developing certain types of behavior, given the environmental factors that would contribute to e.g. a social deroute, including criminality. In this context, two studies of boys who have been exposed to maternal smoking However, the findings are equivocal: homosexuality in males has been correlated to both low and high 2D:4D, and other studies have been found no significant correlation between 2D:4D and testicular function [27] adult levels of circulating sex hormones [14, 19] , and not all studies replicate sex dimorphism [20] .
Further studies of associations between 2D:4D, testosterone and testosterone-associated behavior, and discussion of methodological issues and possibility of publication bias are found in reviews [3, 4, 7, 28] .
Influence of testosterone on human behavior
On a general level, secretion of testosterone is induced by confrontation with a challenge [6, 29] . Extended research confirm that the level of circulating testosterone is positively correlated with secondary masculine characteristics such as a distinct jaw line, broad shoulders and relatively larger muscle mass compared to women [30] . In men, levels of circulating testosterone in significantly higher concentrations are found in violent criminal offenders, former soldiers who exhibit antisocial behavior, alcohol abusers and victims of suicide [29] .
Other studies demonstrate that aggressive dominant behavior and sensation-seeking positively correlate with the level of circulating testosterone in both sexes -in other words: women with high levels of circulating testosterone tend to behave in a more masculine manner [7, 19, 20, 29, 31, 32] .
Girls, who have been exposed to abnormally high concentrations of androgen in utero due to CAH, tend to exhibit behavioral patterns more similar to boys in comparison with control groups of healthy girls [17, 31] .
The reason that these girls do not continue the development of secondary masculine characteristics in puberty is presumably because newborn girls with CAH are treated in order to reach subnormal to normal concentrations of androgen [31] .
However, it is a major problem when analyzing these associations that there is no reliable method of measuring circulating testosterone level.
Sperm counts or testosterone-concentration in saliva or serum have been used, however the secretion of testosterone is influenced by circadian variation and circumstantial variables such as the presence of a female researcher [33] . in utero are worth mentioning. Nicotine inhibits the enzyme aromatase, which catalyze the conversion of androgen to estrogen; hence children of mothers who have smoked during pregnancy are exposed to higher levels of testosterone in utero than those of non-smoking mothers. Boys who have been exposed to prenatal maternal smoking have significantly lower 2D:4D ratio than boys of non-smoking mothers [12] , just as they occur with a higher frequency in statistics of violent criminal offending, juvenile as well as persistent [35] . Associating these two findings should not be done uncritically, because it may rely partly on social confounding. However, the findings do support the idea of human behavior being influenced by biological as well as environmental factors.
2d:4d in a forensic context
The above research does indicate that testosterone associated behavior may reflect prenatal exposure to testosterone, leading to the hypothesis that prenatal testosterone predisposes for a low threshold for stimulation of testosterone-production or an increased sensitivity to testosterone. There also seems to be an association between 2D:4D and in utero testosterone levels. Does this imply that 2D:4D might be of use as a marker for testosterone associated behavior? Perhaps especially in a forensic setting, where one might expect to see perpetrators as well as deaths associated with such behavior?
Presumably, this is not the case. Naively associating 2D:4D with specific behavior (in this case criminal behavior) carries a huge risk of committing the so-called prosecutor fallacy [36] . This fallacy is when frequencies of certain traits are combined to "prove" that a specific trait indicates or "proves" another trait. Bayes' theorem must be applied to correctly judge the conditional frequencies, but this relies on being able to reasonably know the various trait frequencies [36] .
While the existing literature may point to a relationship between 2D:4D and testosterone associated behavior, and also supply a physiologically plausible explanation, 2D:4D cannot in any way be used as a predictor or as an incriminating trait. Neither should 2D:4D be used as an indicator of likeliness to re-offend or indicator of higher relative risk of dying due to death-defying behavior. In doing so, we would be reconnecting with Cesare Lombroso [37] who in the late 19 th century argued that certain physical traits including left-handedness (many of which are also testosterone associated, like a move massive facial skeleton or more facial hair) and even tattoos,
were deemed highly indicative of the person being of a criminal nature.
This being said, we might use the research to extend our knowledge on heredity and environmental factors influencing psychopathology. Such a study could include data collected from post mortem measurements of finger lengths of all bodies brought to medico-legal autopsy combined with cause of death. The hypothesis would be that victims of suicide or violent (self-inflicted) causes would present a lower 2D:4D than those who died from other causes.
